Objective: Perihepatic lymph node involvement in colorectal cancer liver metastases is a negative prognostic factor. Resection of certain nodal stations around the liver has been shown to possibly improve survival. The aim of this review is to interrogate current literature on pre-operative investigations in diagnosing lymph node involvement. Method: A systematic review was conducted of articles published since 2006 to determine usefulness of pre-operative imaging in diagnosing lymph node involvement in colorectal cancer liver metastases. Results: Only 2 papers met the inclusion criteria for this study. Computed tomography (CT) scans were found to have sensitivities of 33% and 40%, specificities of 94% and 92%, positive predictive values (PPV) of 56% and 30%, and negative predictive values (NPV) of 85% and 95%. Positron emission tomography (PET) was studied in one of the paper and was found to have sensitivity, specificity, PPV and NPV of 57%, 100%, 100%, and 88% respectively. Conclusion: There is a significant lack of research on pre-operative investigations of perihepatic lymph node involvement in colorectal cancer liver metastases. Pre-operative CT and PET scans in assessing perihepatic lymph nodes were shown to be inaccurate. Newer pre-operative imaging modalities and research would be needed.
new cases of bowel cancers were diagnosed in Australia, making it the 3 rd most common cancer diagnosis [1] . About 50% of patients with colorectal carcinoma will eventually develop metastases, with liver and lungs being the most common sites [2] [3] [4] [5] [6] . For patients with liver metastases, surgery remains the gold standard of treatment with 5-year survival rates approaching 50% [6] [7] [8] [9] [10] [11] .
Studies have shown that perihepatic lymph node involvement from colorectal cancer liver metastases is a negative prognostic factor. Survival is very poor with 5-year survival rates ranging from 1% -5% [12] [13] [14] [15] [16] . There is some survival benefit in surgical resection of certain nodal stations around the hepatic hilar region [17] [18] [19] [20] [21] . Therefore, accurate staging is paramount for decision making pre-operatively.
Most commonly, staging of patients with colorectal cancer involves abdominal ultrasound and computed tomography (CT) scan as well as chest X-ray or CT chest. Positron emission tomography (PET) scan is used more frequently these days as a staging tool. Currently, despite multiple modalities being available, there is no diagnostic guideline in aiding a radiologist to differentiate a metastatic lymph node from a non-metastatic one [22] [23] [24] [25] .
Therefore, this review aims to assess the current literature on pre-operative investigations and to determine each modality's usefulness in diagnosing lymph node involvement. In view of its prognostic value, lymph node pre-operative staging needs to be considered important as it potentially changes decision-making process in colorectal cancer disease management.
Methods
A literature search was performed in May 2016 using PubMed and EMBASE databases. Search terms used included "liver or hepatic secondaries, liver or hepatic metastasis, computer tomography, magnetic resonance, ultrasound, positron emission tomography, and perihepatic or hepatic pedicle or perihilar lymph node".
Search was filtered for articles in English, on human subjects and published since 1 January 2006. Articles were assessed based on information gleaned from the titles and abstracts initially. If deemed appropriate for the purpose of this study, complete articles were obtained for further assessment. References from these selected papers were also perused to identify any article which could be included in this study.
The main inclusion criteria were assessment of pre-operative investigations to ascertain perihepatic lymph node status. Studies included must have clearly stated definition to determine lymph node involvement pre-operatively. Review articles, abstracts and case reports were excluded. Selected studies were graded using QUADAS tool [26] . Accuracy of each imaging modality from each study was recorded for further analysis.
Results
Based on the search terms mentioned before, 38 papers were initially identified 
Study Population
The study by Rau et al., included all consecutive patients who underwent surgical treatment of resectable colorectal liver metastases at Hopital Beaujon, France between January 2008 and June 2010 [28] . A total of 78 consecutive patients were included. Two were eventually excluded as no curative surgery was performed due to peritoneal carcinomatosis. From these 76 patients, hepatic pedicle lymph node dissection yielded 241 lymph nodes. Thirty (12.5%) lymph nodes were found to have metastatic cells after pathological analysis.
In the article by Grobmyer et al., 75% of 100 patients included had metastatic colorectal cancer [29] . Twenty-five patients had other types of hepatic malignancies. Nevertheless, all patients underwent lymph node sampling with a total of 316 lymph nodes harvested. Twenty-two (7%) lymph nodes from 15 patients had metastatic disease.
Therefore, for this review, a total of 178 patients underwent liver resections and hepatic pedicle lymphadenectomy, yielding 557 lymph nodes. Of these 52 lymph nodes (9.3%) had metastatic disease.
Definition of Lymph Node Involvement
In the study by Rau et al., CT diagnoses of metastatic lymph nodes were compared against histologically proven metastatic nodes [28] . The authors defined metastatic nodes on CT as lymph nodes larger than 1cm in the short axis diameter, round shaped, irregularly contoured and/or heterogeneous in appearance.
Size was also used by Grobmyer et al. [29] . However, they defined metastatic involvement on CT differently depending on position of the nodal station. Portocaval nodes were considered involved if cross product of dimensions was ≥0.65 cm 2 . Pancreaticoduodenal and hepatic artery nodes were considered involved as long as CT could detect them. As for PET scan detected nodes, these were considered positive if there was increased fluorodeoxyglucose (FDG) uptake in the perihepatic regions.
Accuracy of Pre-Operative Scans
In the paper by Rau et al., accuracy of CT scan was calculated on a per-patient basis [28] . On the other hand, Grobmyer et al., analyzed accuracy of CT scan in detecting metastatic lymph node based on a per-nodal station basis [29] . The heterogeneity of analysis made pooling of results impossible. However, for PET scan, they calculated its accuracy on a per-patient basis as a PET scan was not able to geographically localise exactly the location of an FDG-avid node.
CT scan showed suspicious lymph nodes in 20 lymph node stations in the paper by Grobmyer et al. [29] . Of these only 8 had metastatic cells confirmed on
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histopathology. Of all the 236 lymph node stations assessed, 216 were thought to be negative for metastasis. But there were 7 metastatic lymph node stations among them found on pathology. As a result, sensitivity, specificity, positive predictive value and negative predictive value of pre-operative CT were calculated to be 40%, 92%, 30% and 95% respectively. In comparison, in the paper by Rau et al., lymph node metastasis was suspected in 9 patients based on findings from pre-operative CT [28] . However, only 5 were confirmed to have nodal metastasis. Of the remaining 67 patients deemed to have no nodal disease on CT, 4 turned out to have disease. This gave sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for CT on a per-patient basis of 33%, 94%, 56% and 85% respectively.
PET scan was only studied in the paper by Grobmyer et al. [29] . Results were analysed on a per-patient basis on 66 patients. No explanation was given as to the omission of the other 34 patients from having a pre-operative PET scan.
Four patients were suspected to have nodal metastasis based on pre-operative PET scans. PET scans failed to detect nodal metastasis in 7 patients. The overall sensitivity, specificity, PPV and NPV for PET scan were 57%, 100%, 100% and 88% respectively (Table 2 ).
Discussion
Perihepatic lymph node is quite frequently identified on pre-operative imaging.
However, there is a significant challenge in differentiating a metastatic lymph node from one that is not [30] A significant problem of CT scan using size criteria to define nodal metastasis is that cancer can be present in nodes less than 1cm in size [30] . In a paper estimating frequency of perirectal nodal metastasis, the majority of metastasis occurred in lymph nodes smaller than 1 cm [22] [38].
To improve the detection of extrahepatic metastasis, FDG-PET had been investigated quite thoroughly in the literature. In a study, which located 40 intra-abdominal lymph node recurrences from colorectal cancer, FDG-PET combined with CT was found to have sensitivity of 100%, specificity of 40%, PPV of 93%, and NPV of 100% [39] . In another paper however, PET was noted to have low sensitivity but high specificity (28.6% and 92.9% respectively) [40] . In comparison, PET scan was also found to be low in sensitivity but high in specificity as seen in Grobmyer et al. in this review [29] . PET scan was thought to be useful for its ability to detect malignant lymph node without depending on size of the node [41] . However, a guideline from Canada was published recently which did not recommend the routine use of PET scan for staging of colorectal cancer [42] .
MRI scan was not scrutinized in this review. There has been no specific study on the use of MRI in locating malignancy within perihepatic lymph nodes. MRI is known to have a high soft tissue contrast and should improve detection of disease when size criterion was combined with border and signal morphology of the node [22] . High resolution MRI has the ability to visualize a lymph node as small as 2 mm in diameter [30] . In a study of 437 lymph nodes from patients with rectal carcinoma, MRI detection of diseased lymph nodes had sensitivity of 85% and specificity of 97% [43] . Recent developments in MRI have seen the use of ultra-small superparamagnetic particles of iron oxide (USPIO) as a contrast specific for nodal tissues. An increase in signal intensity is noted in a diseased node. This was shown to have high sensitivity and specificity (93% and 96% respectively) for malignant lymph nodes in rectal cancer [44] . MRI utilizing diffusion-weighted imaging (DWI) has also emerged as a possible tool for discriminating between malignant and non-malignant lymph nodes. Cho et al. reported a sensitivity of 78% and specificity of 67% using this in staging of colorectal cancer [45] .
This current review has shown a significant weakness in pre-operative imaging for colorectal cancer liver metastases prior to resectional surgery. CT and [50]. However, value of its benefit to patient survival remained controversial but promising data is beginning to appear [7] [17]. This is especially for nodes around the hepaticoduodenal ligament and the retropancreatic regions [7] [17].
Conclusion
There is a significant lack of research on investigations of perihepatic lymph node involvement in colorectal cancer liver metastases. This is a major oversight in the current literature in view of the significance of lymph node status in patient prognosis. This review has highlighted the inaccuracy in pre-operative CT and PET scans in assessing perihepatic lymph nodes. Newer pre-operative imaging modalities and research would be needed.
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